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Advanced modulation for such as PSK and QPSK are of high interest in optical microwave 
links. To obtain these modulation formats, it is necessary to  use external modulators. Unfortu- 
nately, most of the external modulators available have the drawbacks of insertion loss and high 
power consumption. This is a problem especially in spaceborne systems, e.g. optical beam form- 
ing networks [l]. Recently, various experiments have demonstrated the feasibility of using optical 
amplifiers as phase modulators in optical communication systems [2]-[4]. These phase modulators 
provide the advantages of gain and low modulation power requirements. 
Measured values of the modulation power necessary to obtain the PSK phase shift of ?r is 
depicted in Fig. 1 and the necessary power for obtaining the QPSK phase shift of 9 is easily 
found by adding 3.5 dB to these values. The 3 dB bandwidth is given at  the point where the 
required modulation power has increased by 3 dB and is found to  be 600 MHz. This bandwidth 
is determined by the carrier lifetime and can'be increased by using higher bias currents although 
current heating would prevent a bandwidth greater than 1 GHz. It should be noticed, however, 
that the modulator presented here has sufficient bandwidth since the bit rates under consideration 
for microwave transmission links are normally lower than 500 Mbit/s. It is expected that the 
bandwidth of 600 MHz will allow for PSK modulation speeds of up to approximately 900 Mbit/s 
and QP§K modulation speeds of approximately twice this bit rate. Non-linearities may, however, 
limit the QPSK modulation speed to 900-1500 Mbit/s. The required modulation power was found 
to be as low as 5 dBm which corresponds to a V, of 1,l V. This is comparable to  or better than 
what can be expected for Lithium Niobate modulators with the same bandwidth. Finally, it should 
be noted that the measurements were performed for an optical input power of -7 dBm, a bias 
current of 70 mA and a fibre to fibre gain of 10 dB, resulting in an optical output power of 3 dBm. 
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Figure 1: Required modulation power to ob- 
tain a phase shift of T radians. 
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Figure 2: Intensity variation due to amplitude 
modulation versus the required phase shift. 
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The major drawback of using the optical amplifier as a phase modulator is the inevitable 
amplitude modulation induced by the amplifier. As seen in Fig. 2, the intensity variation introduced 
by the amplitude modulation is rather large and for QPSK modulation variations of up to  5 dB 
can be expected. This is not tolerable in practical systems. 
A novel method for reducing the amplitude modulation is the use of a two-electrode amplifier 
as illustrated in Fig. 3. It is possible to  reduce the amplitude modulation by modulating the 
two electrodes in anti-phase. The modulation powers are adjusted so that the two sections will 
introduce the same amount of amplitude modulation. This will result in a cancellation of the 
amplitude modulation since the modulation is A radians out of phase in the two sections. In 
order to avoid an associated reduction of the phase modulation, the phase response per mA of 
modulation current has to be different in the two sections. The ratio between the phase and 
amplitude modulation is governed by the so called linewidth enhancement factor cr [5] which for 
a fixed wavelength increases with the electron concentration [5] .  To obtain a good overall phase 
response, the electron concentration in the two sections of the amplifier must therefore be different. 
This is easily achieved by saturating the amplifier with a high power optical input signal (above 
-10 dBm) and by lowering the bias current in the output section. 
A multi-section numerical model has been used to  calculate the intensity variation due to 
amplitude modulation in the two-electrode amplifier. The predicted intensity variation is shown in 
Fig. 4 as a function of the anti-phase modulation index, i.e. the ratio of the modulation current in 
the input section and the modulation current in the output section. It is seen that the intensity 
variation can be reduced from 3.5 dB to 0.8 dB (77 % reduction) for the PSK modulation format. 
The results show that the optical amplifier may be an attractive solution for phase modulation 
even in spaceborne systems. Furthermore, the semiconductor optical amplifiers have the great 
advantage of potential optoelectronic integration in future systems. 
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Figure 3: Two-electrode amplifier with anti- 
phase modulation concept. 
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Figure 4: Intensity variation versus anti-phase 
modulation index for a phase shift of A radians. 
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